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S u m m a r y : The incidence of primary bud-axi s necrosis (PBN) was studied from 1980 to 1985 in Australian vineyards of 
varying vigour. Fifteen cultivars of Vitis vi11ijem L. were initi aUy examined for the presence of PBN and, because Shiraz (syn. Syrah) 
proved to have the highest incidence, subsequent work emphasized this cultivar. Compound buds at nodes 2 to 9 from the base of the 
shoot (node 9 being the most di stal node) were scored for the presence of PBN. PBN was found to be a sig nificant cause of 
unfruitfulness in the Australian vineyards examined. lncidence was higher in seeded compared with seedless cu ltivars. Shiraz had 
the highest incidence but not as great as for other cultivars reported in Israe l, Japan , Chile and USA. PBN incidence was highest in 
the basal nodes of thick shoots, especially if the node bore a lateral shoot. Buds with PBN produced more shoots but fewer bunches. 
Thinning of shoots ten days before and after flowcring increased both shoot vigour and PBN inc idence. This association was 
attributed to the greater vigour per se and not to any change in canopy light environment. PBN-caused loss of primary shoots is 
concluded to be a major cause of unfruitfulness in basal nodes of grapevines. 
K e y w o r d s : bud-axis necrosis, vigour, shoots, shoot thinning, Shiraz. 
lntroduction 
Dormant buds of grapevines are compound buds, lo-
cated at a node (a node is defined as the enlarged portion 
of a shoot or cane from which the leaves, bunches, tendrils 
and lateral shoots arise). Such compound buds have a !arge 
central bud axis (primary) and two smaller buds on either 
side of the primary bud (secondary buds). 
The primary bud axis is subject to necrosis as has been 
widely reported; it is said to be one of the causes of poor 
node fruitfulness and low vineyard yield. This condition is 
preferably known as "primary bud-axis necrosis" (PBN) 
because it is usually just the primary bud axis which is 
affected and not the secondary bud axes. The external ap-
pearance of a dormant bud with PBN is identical to that of 
a normal bud: however, di ssection reveals the necrosed 
primary bud axis coupled with better development of the 
secondary bud axes (LAVEE et a/. 1981 , MoRRISON and IoD! 
1990, P EREZ and KLI EWER 1990). Sometimes the better de-
velopment of the secondary bud axes results in a "split 
bud" (LAVEE et a/. 1981) . 
The incidence of PBN varies between cultivars and 
with viticultural practices. Cultivars of Vitis vinifera L. 
reported to be susceptible to this disorder include Dattier 
de Beirouth (BERNSTEIN 1973) , Queen of the Vineyard 
(BERNSTEIN 1973, LAVEE et a/. 1981 ), Anab-e-Shahi (BLNDRA 
and CHOHAN 1975), Kyoho (NAITO et al. 1986), Thompson 
Seedless (MoRRISON and lo01 1990, PEREZ and KLI EWER 
1990), Flame Seedless (MoRRISON and lo01 1990) and Ries-
ling (WoLF and CooK 1992) . High vine and shoot vigour 
(BINDRA 1977, LAVEE et al. 1981 , NAITO et a/. 1986, WoLF 
and CooK 1992), high Ievels of soil nitrogen (BrNDRA and 
CHOHAN 1977, PEREZ-HARVEY 1991), canopy shading (PEREZ 
and Ku EWER 1990, PEREZ-HARVEY 1991 , WoLF and CooK 
1992) and exogenaus application of gibberellic acid, GA 
(Zrv et al. 1981 , NAITO eral. 1986), have been shown tobe 
corre1ated with high Ievels of PBN. 
Climatic and cultural conditions that favour excessive 
shoot vigour and induce low bud fruitfulness also favour a 
high incidence of PBN (LAVEE er a/. 1981, P EREZ and 
KLIEW ER 1990). Girdling (DABAS er a/. 1980) and foliar 
application of the growth retardant, succinic acid -2 ,2-
dimethyl hydrazide (SADH), have been shown to reduce 
incidence (NAno et a/. 1986). 
Bud sectioning shows that PBN develops after flower-
ing and reaches maximal Ievels at one to three months 
post-flowering depending on location (LAVEE er a/. 1981 , 
MoRRISON and Ioor 1990, PEREZ-HARVEY 1991). The inci-
dence of PBN is highest at basal nodes, particularly nodes 
1 to 8 (LAVEE er a/. 1981 , NAITO er al. 1986, MoRRISON and 
IoD! 1990, PEREZ-HARVEY 1991 ) but may also occur at more 
distal nodes (LAVEE et a/. 1981). 
The present work describes investigations of the natu-
ral incidence of PBN in Australian vineyards and its corre-
lation with vine and shoot vigour and with node fruitful-
ness. The effect of shoot thinning on PBN incidence was 
also examined. Because the use of cane pruning (bearers 
of I 0 - 15 nodes) rather than spur pruning (bearers of 2 
nodes) in vigoraus vineyards is often attributed to the poor 
fertility of basal nodes, a consequence of the poor bght 
enviro11me11t of de11se canopies, we assessed whether PBN, 
rather tha11 reduced i11florescence initiation of primary buds , 
was the cause of low fertility of basal 11odes. 
Further papers will exami11e the effects of summer 
pru11i11g operations a11d exogenaus GA application 011 the 
incide11ce of PBN, the correlation ofendogenaus GA Iev-
els with PBN and the effect of PBN 011 vi11eyard produc-
tivity a11d implicatio11s for viticultural Operations. 
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M a t e r i a l s  a n d  m e t h o d s  
M a t u r e  c a n e s  w e r e  s a m p l e d  f r o m  1 9 8 0  t o  1 9 8 5  f r o m  
v i n e y a r d s  r a n g i n g  i n  v i g o u r  f r o m  h i g h  t o  l o w  a n d  t h e  c o m -
p o u n d  b u d s  e x a m i n e d  f o r  t h e  p r e s e n c e  o f  P B N .  I n  s o m e  
c a s e s ,  c a n e s  w e r e  c o l ! e c t e d  f r o m  m a t u r e  c o m m e r c i a l  v i n e -
y a r d s  w i t h  n o r m a l  m a n a g e m e n t  d u r i n g  t h e  p r e v i o u s  g r o w -
i n g  s e a s o n  s u p p l e m e n t e d  b y  d a t a  f r o 1 1 1  c o n t r o l  v i n e s  i n  
e x p e r i 1 1 1 e n t s  w h i c h  e x a 1 1 1 i n e d  t h e  e f f e c t  o f  v a r i o u s  t r e a t -
m e n t s  o n  P B N  i n c i d e n c e .  W h e r e  t h e  e f f e c t  o f  s h o o t  v i g o u r  
o n  P B N  i n c i d e n c e  w a s  e x a m i n e d ,  a  r a n g e  o f  c a n e s  w a s  
s a m p l e d ;  o t h e r w i s e ,  t h e  m o s t v i g o r a u s  s h o o t s  ( i . e .  t h e  I o n g -
e s t  a n d  t h i c k e s t  c a n e s )  w e r e  s a m p l e d  ( s e e  R e s u l t s ) .  T h e  
n u 1 1 1 b e r  o f  m a t u r e  c a n e s  s a 1 1 1 p l e d  f r o m  e a c h  v i n e y a r d  
r a n g e d  f r o m  2 0  t o  1 2 0 .  
F i f t e e n  c u l t i v a r s  o f  V i t i s  v i n i f e r a  L .  w e r e  i n ü i a l l y  e x -
a m i n e d  f o r  t h e  p r e s e n c e  o f  P B N  a n d ,  b e c a u s e  S h i r a z  ( s y n .  
S y r a h )  p r o v e d  t o  h a v e  t h e  h i g h e s t  i n c i d e n c e ,  s u b s e q u e n t  
w o r k  e 1 1 1 p h a s i z e d  t h i s  c u l t i v a r .  I n  t h e  S h i r a z  v i n e y a r d s  s a m -
p l e d ,  v i n e  a g e  r a n g e d  f r o m  1 1  t o  3 2  y e a r s ,  r o w  x  v i n e  s p a c -
i n g  f r o 1 1 1  2 . 7  t o  3 . 9  1 1 1  x  1 . 5  t o  3 . 0  m ,  t r e l l i s  t y p e  w a s  a  
s i n g l e  w i r e  o r  0 . 4 5  - 1 . 0  m  w i d e  t e e ,  a n d  p r u n i n g  w a s  s p u r  
o r  c a n e .  
C o 1 1 1 p o u n d  b u d s  a t  n o d e s  2  t o  9  f r o m  t h e  b a s e  o f  t h e  
s h o o t  ( n o d e  9  b e i n g  t h e  m o s t  d i s t a l  n o d e )  w e r e  s c o r e d  f o r  
t h e  p r e s e n c e  o f  P B N ,  u n l e s s  o t h e r w i s e  i n d i c a t e d .  P r e l i m i -
n a r y  m e a s u r e m e n t s  i n d i c a t e d  t h a t  P B N  w a s  r a r e l y  f o u n d  
a t  n o d e s  d i s t a l  t o  n o d e  9  u n d e r  n a t u r a l  c o n d i t i o n s .  T h e  b u d  
a t  n o d e  o n e  w a s  n o t  e x a m i n e d  b e c a u s e  i t  h a d  t h e  c h a r a c -
t e r i s t i c s  o f  a  ' b a s e  b u d '  ( P o o L  e t  a l .  1 9 7 8 ) .  
T h e  p r e s e n c e  o f  P B N  w a s  r e a d i l y  d e t e r m i n e d  b y  1 1 1 a k -
i n g  a  t r a n s v e r s e  c u t  w i t h  a  s c a l p e l  a t  h a l f  t h e  h e i g h t  o f  t h e  
b u d ;  a d d i t i o n a l  c u t s  w e r e  u s e d  t o  c h e c k  t h e  s t a t e  o f  t h e  
s e c o n d a r y  b u d s .  A  I  0  x  h a n d  1 e n s  w a s  u s e d  a s  a  c h e c k .  
N o d e s  w h e r e  t h e  c o 1 1 1 p o u n d  b u d  w a s  a b s e n t ,  e x t e r n a l l y  
d a m a g e d ,  c o 1 1 1 p l e t e l y  d e a d  o r  h a d  b u r s t ,  w e r e  e x c l u d e d  
( t h i s  w a s  a l w a y s  <  1 0  %  o f  a l l  n o d e s  a n d  u s u a l l y  <  3  % ) .  
T h e  p e r c e n t a g e  o f  n o d e s  w i t h  P B N  w a s  c a l c u l a t e d  f r o 1 1 1  
t h e  r e 1 1 1 a i n i n g  n o d e s .  
T o d e t e r m i n e  c o r r e l a t i o n s  w i t h  v i g o u r ,  a d d i t i o n a l  m e a s -
u r e m e n t s  w e r e  m a d e  w h e n  P B N  w a s  s c o r e d :  c a n e  d i a l 1 1 -
e t e r  w a s  m e a s u r e d  a t  t h e  1 1 1 i d - p o i n t  b e t w e e n  n o d e s  o n e  
a n d  t w o ,  c a n e  l e n g t h  f r o 1 1 1  b a s e  t o  t i p  ( f o r  s h o o t s  w h i c h  
h a d  n o t  b e e n  s u m m e r - p r u n e d ) ,  a n d  p r e s e n c e  o r  a b s e n c e  o f  
p e r s i s t e n t  l a t e r a l  s h o o t s  a t  e a c h  n o d e  (  d e f i n e d  a s  w o o d y  
I a t e r a l s  I o n g e r  t h a n  2 5  1 1 1 1 1 1 ) .  
I n  w i n t e r  1 9 8 4 ,  4 2  c a n e s  w e r e  c o l l e c t e d  f r o 1 1 1  a  v i g o r -
a u s  S h i r a z  v i n e y a r d  a t  V i r g i n i a ,  S o u t h  A u s t r a l i a .  C a n e s  
w e r e  c o l l e c t e d  o v e r  a s  w i d e  a  r a n g e  o f  d i a 1 1 1 e t e r s  a s  p o s s i -
b l e  a n d  d i v i d e d  i n t o  3  g r o u p s  b a s e d  o n  c a n e  d i a m e t e r  i . e .  
2 - 9  1 1 1 1 1 1 ,  1 0 - 1 2  m 1 1 1  a n d  >  1 2  1 1 1 1 1 1 .  P e r c e n t a g e  P B N  w a s  
d e t e r 1 1 1 i n e d  f o r  t h e  n o d e  g r o u p s :  2 - 4 ,  5 - 7  a n d  8 - 1 1 .  
C a n e s  w e r e  r e t a i n e d  o n  t h e  s a 1 1 1 e  v i n e s  a s  u s e d  f o r  c a n e  
s a m p l e s  t o  d e t e r m i n e  c o r r e l a t i o n s  b e t w e e n  P B N  i n c i d e n c e  
s c o r e d  i n  w i n t e r  a n d  t h e  r a t i o  o f  s e c o n d a r y  t o  p r i m a r y  s h o o t s  
a n d  n o d e  f r u i t f u l n e s s  i n  t h e  f o l l o w i n g  s p r i n g  f o r  t h e  e q u i v a -
l e n t  n o d e  p o s i t i o n s .  I n  1 9 8 1 ,  8  v i n e s  e a c h  o f  S h i r a z ,  P e d r o  
X i 1 1 1 e n e s  a n d  S u l t a n a  i n  t h e  R o s e w o r t h y  C o l l e g e  v i n e y a r d ,  
S o u t h  A u s t r a l i a  h a d  1 0  c a n e s  s a m p l e d  a n d  8  x  1 0  n o d e  
c a n e s  r e t a i n e d  a t  p r u n i n g .  A f t e r  b u d b u r s t ,  s h o o t s  a t  e a c h  
n o d e  w e r e  s c o r e d  a s  e i t h e r  p r i 1 1 1 a r y  o r  s e c o n d a r y ,  b a s e d  o n  
t h e  p h y l l o t a x i c  p l a n e  o f  t h e  s h o o t  r e l a t i v e  t o  t h e  c a n e  
( C A R B O N N E A U  a n d  C A ST E R A N  1 9 7 9 ) .  A t  t h e  s a m e  t i m e ,  s h o o t  
n u 1 1 1 b e r  p e r  n o d e  a n d  b u n c h  n u m b e r  p e r  s h o o t  ( f o r  e a c h  
s h o o t  t y p e )  w e r e  d e t e r m i n e d .  I n  t h e  1 9 8 4 / 8 5  s e a s o n ,  m e a n  
b u n c h  w e i g h t  a n d  t o t a l  f r u i t  w e i g h t  b y  n o d e  p o s i t i o n  w e r e  
a l s o  m e a s u r e d  o n  p r i m a r y  a n d  s e c o n d a r y  s h o o t s .  
I n  1 9 8 1  a n d  1 9 8 2 ,  e x p e r i m e n t s  w e r e  e s t a b l i s h e d  t o  
e x a m i n e  t h e  e f f e c t  o f  s h o o t  t h i n n i n g  o n  t h e  i n c i d e n c e  o f  
P B N  t o  t e s t  t h e  h y p o t h e s i s  t h a t  a  ! a r g e  r e d u c t i o n  i n  s h o o t  
m i m h e r  p e r  v i n e  i n c r e a s e d  s h o o t  v i g o u r  a n d  t h u s  t h e  i n c i -
d e n c e  o f  P B N .  V i g o r a u s  S h i r a z  g r a p e v i n e s  a t  R o s e w o r t h y  
C o l l e g e  w e r e  u s e d  i n  b o t h  y e a r s .  F o r  t h e  p r e l i 1 1 1 i n a r y  e x -
p e r i m e n t  i n  1 9 8 1 ,  f o u r  v i n e s  h a d  6 5  %  o f  s h o o t s  r e m o v e d  
1 0  d a y s  a f t e r  f l o w e r i n g  a n d  w e r e  c o 1 1 1 p a r e d  w i t h  4  c o n t r o l  
v i n e s :  1 2  c a n e s  p e r  v i n e  w e r e  s a m p l e d  i n  w i n t e r  1 9 8 2  a n d  
4  c a n e s  r e t a i n e d  a t  p r u n i n g  f o r  s p r i n g  m e a s u r e 1 1 1 e n t s .  I n  
1 9 8 2 ,  t w o  I e v e l s  o f  t h i n n i n g  ( 7 5  a n d  8 5  %  o f  s h o o t s  r e -
m o v e d )  w e r e  c o m p a r e d  w i t h  u n t h i n n e d  c o n t r o l s :  t h i n n i n g  
w a s  c a r r i e d  o u t  I  0  d  b e f o r e  f l o w e r i n g  a n d  t b e  m o s t  v i g o r -
a u s  s h o o t s  w e r e  r e t a i n e d .  T h e r e  w e r e  4  s i n g l e  v i n e  r e p l i -
c a t e s  p e r  t r e a t m e n t  i n  a  r a n d o m i s e d  b l o c k  d e s i g n .  I n  w i n -
t e r  1 9 8 3 ,  I  0  c a n e s  p e r  v i n e  w e r e  h a r v e s t e d  f o r  d e t e r m i n a -
t i o n  o f  P B N  a n d  p e r  c e n t  n o d e s  w i t h  p e r s i s t e n t  l a t e r a l  s h o o t  
( n o d e s  2 - 1  0 )  a n d  1 1 1 e a s u r e m e n t  o f  c a n e  d i a 1 1 1 e t e r .  
U n l e s s  o t h e r w i s e  i n d i c a t e d ,  a l l  t e s t s  f o r  s i g n i f i c a n t  d i f -
f e r e n c e  w e r e  c o n d u c t e d  u s i n g  s i n g l e  v i n e  p l o t s .  P e r c e n t -
a g e  d a t a  w e r e  t r a n s f o r 1 1 1 e d  t o  d e g r e e s  b e f o r e  a n a l y s i s .  
R e s u l t s  
T h e  a p p e a r a n c e  o f  P B N  o n  V  v i n i f e r a  L .  c u l t i v a r s  i n  
A u s t r a l i a  w a s  i d e n t i c a l  t o  t h a t  d e s c r i b e d  b y  L A V E E  e t  a / .  
( 1 9 8 1  ) ,  M o R R I S O N  a n d  l o D J  (  1 9 9 0 )  a n d  P E R E Z  a n d  K u  E W E R  
( 1 9 9 0 ) .  T h e  i n c i d e n c e  o f  P B N  a t  n o d e s  2  t o  9  r a n g e d  f r o m  
0  t o  1 6  %  f o r  1 0  s e e d e d  c u l t i  v a r s  a n d  0  t o  2  %  f o r  5  s e e d -
l e s s  c u l t i v a r s  i n  t h e  R o s e w o r t h y  C o l l e g e  v i n e y a r d .  T h e  
c u l t i v a r s  w i t h  t h e  h i g h e s t  i n c i d e n c e  w e r e  S h i r a z  o f  t h e  
s e e d e d  a n d  S u l t a n a  o f  t h e  s e e d l e s s .  
4 5 -
a  
4 0  
a  
•  < 1 0 m m  
3 5  
~ 1 0 - 1 2 m m  
3 0  
D  > 1 2 m m  
~ 2 5  
c . .  
~ 2 0 - : : 1  a b  
1 5  
1 0  
5  
0  
2 - 4  
5 - 7  
8 - 1 1  
N o d e  P o s i t i o n  
F i g .  I :  R e l a t i o n s h i p  b e t w e e n  s h o o t  v i g o u r  ( a s  i n d i c a t e d  b y  c a n e  
d i a m e t e r )  a n d  n o d e  g r o u p  o n  i n c i d e n c e  o f  p r i m a r y  b u d - a x i s  
n e c r o s i s  ( %  P B N )  o f  S h i r a z  ( V i r g i n i a ,  S o u t h  A u s t r a l i a ,  1 9 8 4 ) .  
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Tab I e I 
Difference in incidence of primary bud-axis necrosis (% PBN) of Shiraz vineyards of three vigour classes 
Yigour dass" Yineyard location Year Shoot number % PBN 
sampled" (mean of nodes 
2 to 9) ±SE 
High Swan WAb 1985 20 27 ± 4 
Waikerie SN 1981 40 16 ± 2 
Virginia SN 1984 42 14 ± 3 
Moderate Waite SN 1983 40 23 ± 3 
Roseworthy sN· 19R0-1983 40- 60 12 ± 2e 
Barossa SN. 1983 40 8 ± 1 
Waite SN 1983 24 7±2 
Low Barossa SAh 1985 40 8±2 
Barossa SAb 1983 40 5 ± 1 
" High = many, long shoots with many Iaterals, dense canopy; Low = few, sbort shoots with few Iaterals, open canopy. h.'" 
Irrigated, non-irrigated respectively. " Most vigoraus shoots (as canes) selected for all except Swan and Virginia, 
where a range of shoots was sampled. " 4-year mean. WA =Western Australia, SA = South Australia. 
Table 2 
Correlation of primary bud-axis necrosis (% PBN)" with shoot vigour as indicated by cane diameter, 
lateral shoot number and lateral shoot incidence) (Shiraz, Adelaide Plains~>, South Australia) 
Shoot vigour index Expt. Shoot number Correlation Level of 
Cane diameter 
Number of lateral 
shoots per cane 

























"Mean value per cane for nodes 2 to 9. b Roseworthy (R) and Virginia (V). c Unthinned and thinned 
vines included in average. ** , ••• indicates significant at l and 0.1% Ievels , respectively. 
The incidence of PBN was highest in the most vigor-
aus vineyards (Tab. 1) and was positively conelated with 
indices of shoot vigour (cane diameter, total number of 
lateral shoots per cane, per cent nodes with lateral shoots) 
(Tab. 2) . Thick shoots had a high er incidence of PBN than 
thin shoots at all node positions, and this difference was 
most pronounced at basal nodes 2 - 7 (Fig. 1). The inci-
dence of PBN was higher at basal nodes than moredistal 
nodes: this was observed over 4 seasons (Fig. 2). The dif-
ference between basal and distal nodes was magnified as 
shoot diameter increased (Fig. 1, Tab. 3). 
On aper node basis for Shiraz, there was a strong rela-
tionship between PBN and the presence of a lateral shoot: 
that is, for any node with PBN, there was a 2 - 4 times 
greater chance ofthat node having a lateral shoot than not. 
Similarly, for any node with a lateral shoot, there was a 
2 - 4.5 times greater chance of a bud at that node having 
PBN than not (Tab. 4). 
There was a strong correlation between % PBN deter-
mined in winter and per cent nodes where the primary shoot 
was recorded as absent in the following spring (r = 0.84, 
significant at 0.1 % Ievel , pooled over 3 cultivars in 1981) . 
The absence of a viable primary bud at basal nodes did not 
necessarily affect budburst (expressed as shoot nurober per 
node number) relative to distal nodes (Tab. 5). However, 
this absence did have an effect on node fruitfu1ness. For 
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T a b l e  3  
E f f e c t  o f  s h o o t  t h i n n i n g  o n  i n c i d e n c e  o f  p r i m a r y  b u d - a x i s  n e c r o s i s  
( %  P B N )  b y  n o d e  p o s i t i o n  a n d  o n  c a n e  d i a m e t e r  ( S h i r a z ,  
R o s e w o r t h y ,  S o u t h  A u s t r a l i a ,  1 9 8 2 1 1 9 8 3 )  
%  P B N  f o r  n o d e s b :  -
C a n e  d i a m e t e r c  
T r e a t m e n t  2 - 4  
5 - 7  8 - 1 0  (  l l l l l l )  
C o n t r a !  2 6  a  
1 0  a  
2 a  1 1 . 4  a  
7 5 %  s h o o t  
r e m o v a l "  3 0  a b  
1 7  a b  1 0  a b  1 2 . 7  b  
8 5 %  s h o o t  
r e m o v a l "  
4 7  b  
3 6  b  
2 4  b  
1 2 . 9  b  
M e a n s  i n  c o l u m n s  f o l l o w e d  b y  t h e  s a m e  I e t t e r  a r e  n o t  s i g n i f i -
c a n t l y  d i f f e r e n t  a t  t h e  S  %  I e v e l .  " S h o o t s  r e m o v e d  1 0  d  b e f o r e  
f l o w e r i n g  i n  s p r i n g  1 9 8 2 .  b  M e a n  o f  4  s i n g l e  v i n e  r e p l i c a t e s  
( %  P B N  f o r  e a c h  n o d e  g r o u p  c a l c u l a t e d  f r o m  3 0  n o d e s  p e r  v i n e ) .  
M e a n  o f  4 0  c a n e s  p e r  t r e a t m e n t .  
~ 
0  
2 - 3  4 - 5  6 - 7  
8 - 9  
N o d e  P o s i t i o n  
F i g .  2 :  E f f e c t  o f  n o d e  p o s i t i o n  o n  i n c i d e n c e  o f  p r i m a r y  b u d - a x i s  
n e c r o s i s  ( %  P B N )  o f  S h i r a z  f o r  1 9 8 1 - 1 9 8 4  ( R o s e w o r t h y ,  S o u t h  
A u s t r a l i a ) :  M e a n  o f  s i x  s i n g l e  v i n e  r e p l i c a t e s  ( %  P B N  f o r  e a c h  
2 - n o d e  g r o u p  c a l c u l a t e d  f r o m  2 0  n o d e s  p e r  v i n e ) .  V e r t i c a l  b a r s  
i n d i c a t e  s t a n d a r d  e r r o r .  
b a s a l  n o d e s  ( 2 - 5 )  r e l a t i v e  t o  d i s t a l  n o d e s  ( 6  - 9 )  t h e r e  w a s  
a n  i n c r e a s e  i n  p e r  c e n t  n o d e s  w i t h  2  o r  m o r e  s h o o t s  a n d i n  
t h e  r a t i o  o f  s e c o n d a r y  t o  p r i m a r y  s h o o t s  ( T a b .  5 ) .  T h e  p r e s -
e n c e  o f  P B N  a t  a  n o d e  m a y  b e  e x p r e s s e d  a s  t w i n  s h o o t s  
( w h e r e  b o t h  s h o o t s  a r e  s e c o n d a r y  s h o o t s  w i t h  p h y l l o t a x i c  
p l a n e s  a t  r i g h t  a n g l e s  t o  t h a t  o f  t h e  s p u r  o r  c a n e  b e a r i n g  
t h e m )  ( F i g .  3 ) .  
T h e  g r e a t e r  p r o p o r t i o n  o f  s e c o n d a r y  s h o o t s ,  w h i c h  a r e  
k n o w n  t o  b e  l e s s  f r u i t f u l  t h a n  p r i m a r y ,  a c c o u n t s  f o r  t h e  
f e w e r  b u n c h e s  p e r  s h o o t  a t  b a s a l  n o d e s  r e l a t i v e  t o  d i s t a l  
( i n  1 9 8 1 ,  p r i m a r y  a n d  s e c o n d a r y  S h i r a z  s h o o t s  a v e r a g e d  
3 . 0  a n d  1 . 9  b u n c h e s  p e r  s h o o t  r e s p e c t i v e l y ) .  T h e  p r e s e n c e  
o f  P B N  a t  a  n o d e  d i d  n o t  s i g n i f i c a n t l y  i n c r e a s e  t h e  f r u i t -
f u l n e s s  o f  s e c o n d a r y  s h o o t s  a t  t h e  s a m e  n o d e  ( i n  1 9 8 1 ,  
s e c o n d a r y  S h i r a z  s h o o t s  w i t h  o r  w i t h o u t  a  p r i m a r y  s h o o t  
a t  t h e  s a m e  n o d e  a v e r a g e d  2 . 0  a n d  1 . 8  b u n c h e s  p e r  s h o o t  
r e s p e c t i v e l y ) .  A l s o ,  b e c a u s e  b u n c h e s  o n  s e c o n d a r y  s h o o t s  
t e n d e d  t o  b e  s m a l l e r  t h a n  t h o s e  o n  p r i m a r y ,  t h e  p r e s e n c e  
o f  P B N  a t  b a s a l  n o d e s  w a s  c o r r e l a t e d  w i t h  r e d u c e d  f r u i t  
w e i g h t  p e r  n o d e  ( T a b .  5 ) .  
T a b l e  4  
P r o p o r t i o n  o f  b u c l s "  a f f e c t e d  a n d  n o t  a f f e c t e d  w i t h  p r i m a r y  b u c l -
a x i s  n e c r o s i s  ( %  P B N )  o n  n o d e s  w i t h  a n c l  w i t h o u t  I a t e r a i s  o n  
t w o  t y p e s  o f  v i n e  - u n t h i n n e d  a n c l  s h o o t  t h i n n e d
1
'  ( S h i r a z ,  
R o s e w o r t h y ,  1 9 8 2 )  
%  b u d s  %  b u c l s  
V i n e s  
n o r m a l  P B N  a f f e c t e d  
U n t h i n n e d  
- w i t h o u t  I a t e r a l s  
8 5  4  
- w i t h  I a t e r a l s  
2  
9  
T o t a l  
8 7  1 3  
T h i n n e d  
- w i t h o u t  I a t e r a l s  
5 6  6  
- w i t h  I a t e r a l s  
1 2  2 6  
T o t a l  
6 8  
3 2  
"  %  c l e r i  v e c l  f r o m  6 0  s h o o t s  p e r  t r e a t m e n t ,  n o c l e s  2  t o  9 .  
b  6 5  %  o f  s h o o t s  r e m o v e c l  1 0  d a y s  a f t e r  f l o w e r i n g .  
T a b l e  S  
T o t a l  
8 9  
1 1  
1 0 0  
6 2  
3 8  
1 0 0  
C o m p a r i s o n  o f  b a s a l  n o c l e s  ( 2 - 5 )  w i t h  d i s t a l  n o d e s  ( 6 - 9 )  w i t h  
r e s p e c t  t o  p r i m a r y  b u d - a x i s  n e c r o s i s  ( %  P B N )  a n c l  n o d e  f r u i t f u l  
n e s s  ( S h i r a z ,  R o s e w o r t h y ,  S o u t h  A u s t r a l i a ,  1 9 8 4 / 1 9 8 5 )  
V a r i a b l e  
%  P B N a  
S h o o t s / n o d e b  
B u n c h e s / s h o o t "  
M e a n  b u n c h  w e i g h t ( g Y  
F r u i t  w e i g h t / n o d e ( g ) c  
%  n o d e s  w i t h  : 2 :  2  s h o o t s / n o d e "  
R a t i o  s e c o n d a r y / p r i m a r y  s h o o t s b  
N o d e  p o s i t i o n  
2  t o s "  
6  t o  9 "  
1 8  
4  
0 . 9  1 . 0  
1 . 4 5  1 . 7 0  
1 2 5  1 9 5  
1 6 3  
3 3 1  
2 0  0  
0 . 8 0  
0 . 1 1  
n s  
n a  
n a  
• ,  • •  i n d i c a t e s  m e a n s  s i g n i f i c a n t l y  d i f f e r e n t  a t  S  %  a n c l  I  %  I e v e l  
r e s p e c t i v e l y ;  n s  =  n o t  s i g n i f i c a n t ;  n a  =  n o t  a p p l i c a b l e .  " ·  " ·  c  V a r i -
a b l e s  m e a s u r e d  i n  w i n t e r  1 9 8 4 ,  s p r i n g  1 9 8 4  a n c l  a u t u m n  1 9 8 5  
r e s p e c t i v e l y .  " M e a n  o f  4  s i n g l e  v i n e  r e p l i c a t e s  ( %  P B N  f o r  e a c h  
4 - n o c l e  g r o u p  c a l c u l a t e c l  f r o m  4 0  n o c l e s  p e r  v i n e ;  a l l  o t h e r  v a r i -
a b l e s  c a l c u l a t e d  f r o m  1 6  n o d e s  p e r  v i n e .  
F i g .  3 :  T w i n  s h o o t s  d u e  t o  p r i m a r y  b u d - a x i s  n e c r o s i s .  T h e  r e -
m a i n s  o f  t h e  p r i m a r y  b u d  a r e  v i s i b l e  b e t w e e n  t w o  s e c o n d a r y  
s h o o t s  ( S h i r a z ,  A d e l a i d e  P l a i n s ,  S o u t h  A u s t r a l i a ) .  
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Shoot thinning (75 or 85 % of shoots removed) near 
flowering time significantly increased shoot vigour (meas-
ured as cane diameter (Tab. 3) and per cent nodes with 
lateral shoots (Tab. 4). Shoot thinning also increased the 
incidence of PBN at all node pos itions from 2 to 10 
(Tab. 3). The severity of shoot thinning was positively cor-
related with PBN incidence. Furthermore, the increase in 
PBN caused by shoot thinning was associated with an in-
crease in shoots per node, per cent nodes with 2 or more 
shoots and ratio of secondary to primary shoots and a de-
crease in shoot fruitfulness (as bunches per shoot) (Tab. 6). 
Table 6 
Effect of shoot thinning on incidence of primary bud-axis 
necrosis (%PBN), budburst and fruitfulness at nodes 2 to 13 
(Shiraz, Roseworthy, 1981 /82) 
Variables Control" Shoot thinnedcd 
% PBN" 16 60 
Shoots/node" 0 .96 1.16 
B unches/shoot" 1.88 1.58 
% nodes with 
~ 2 shoots/node" 10 36 na 
Ratio of secondary 
to primary shoots" 0.25 2.3 na 
*,** indicates means are significantly different at 5 % and I % 
Ievels respective1y; na = not applicable. "· 11 Variables measured 
in winter 1982 and spring 1982 respectively. c 65 % of shoots 
removed I 0 d after flowering in spring 1981. d Means of 4 sin-
gle vine replicates (% PBN calculated from 144 nodes per vine; 
all other variables calculated from 48 nodes per vine). 
Discussion 
Shiraz had the highest Ievels of PBN of the cultivars 
examined in South Australia. However, the Ievels for vig-
oraus Shiraz vines in different regions of Australia. were 
always lower than those cited by LAV EE et al.( 1981), NAITO 
et a/. (1986) and PEREZ and KLIEW ER (1990) , MORRISON 
and loDI (1990) , who found up to 80 % of nodes with 
PBN. The highest Ievels in Australia were more compara-
ble with those of low to moderate vigour vineyards in 
other countries. Nevertheless, the high incidence of PBN 
at basal nodes, particularly 2 - 5, is in agreement with 
these other authors, particularly MoRRISON and loDI (1990) 
who did not find PBN more distal than node 8 in fruitful 
vineyards. The low incidence of PBN for Sultana and other 
seedless cultivars examined is in cantrast to the high Iev-
els recorded for Thompson Seedless in California 
(MoRRISON and loDI 1990) and Chile (P EREZ-HARVEY 1991). 
Vineyard vigour is often assessed subjectively but, 
using several correlated measures, we found positive cor-
relations between vigour and PBN incidence. The differ-
ence in PBN incidence between thick and thin shoots was 
greatest at basal nodes, agreeing with LAVEE et al. ( 1981). 
This appears to be the first report of a positive correla-
tion between the presence of a lateral shoot and incidence 
of PBN at the same node. It should therefore follow that, at 
least for Shiraz, nodes with lateral shoots will have lower 
fertility due to the loss of the primary bud. By contrast, for 
Sultana, the presence of strong lateral shoots on canes has 
been used as a high fertility indicator (ANTCUFF et al. 1958). 
The correlation between node fertility and incidence 
of PBN has also been noted by others. LAVEE et al. ( 1981) 
suggested that the endogenaus factors leading to low inflo-
rescence differentiation also initiates the processes leading 
to necrosis of the primary bud. On the other band, MORRISON 
and IoDI ( 1990) found no correlation between PBN and the 
degree of inflorescence pri mordia developrnent in individual 
buds. 
Our results suggest that the low fertility of basal nodes 
in vigoraus vineyards and/or on vigoraus shoots is a conse-
quence of the replacement of the relatively fruitful primary 
shoot by one or more relatively unfruitful secondary shoot(s) 
at a node where the primary bud has ab01ted. The death of 
the primary bud at a node does not necessarily decrease 
budburst at that node: on the contrary, the better-tban-nor-
mal development of the secondary buds, as a consequence 
of PBN (MORRISON and loDI 1990), may Iead to the devel-
opment of two secondary shoots at that node (Fig . 3). But, 
the better development of the secondary buds does not Iead 
to their increased fruitfulness. As a consequence, bunches 
per node is reduced due to PBN, despite an increase in shoots 
per node. 
The results of shoot thinning experiments further con-
firmed the strong correlation between shoot vigour and PBN. 
Increased severity of thinning resulted in increased vigour 
of the remaining shoots and increased incidence of PBN. It 
is noticeable that shoot thinning increased the incidence of 
PBN at all node positions examined, notjust the basal nodes, 
indicating a systemic effect within the shoot. Shoot thin-
ning also resulted in an increase in shoots per node and 
nodes with two or more shoots , and decreased bunches per 
shoot because of the increased ratio of secondary to pri-
mary shoots. PEREZ and KLIEWER ( 1990), PEREZ-HARVEY 
(1991) and WoLF and CooK (1991) concluded that the high 
incidence of PBN in Thompson Seedless was related to Jow 
Ievels of radiation within these canopies, particularly at basal 
nodes. Removal of 8 - 10 shoots per vine from the crown 
reduced the incidence of PBN (PEREZ and KLIEWER 1990). 
However, shading of individual shoots did not induce more 
PBN in fruitful vineyards (MoRRISON and loDI 1990). In our 
work, more severe shoot thinning than that used by PEREZ 
and Ku EWER ( 1990) significantly improved the light envi-
ronment of the remaining shoots but also increased the Ievel 
of PBN (Tab. 6). Therefore, we conclude that any potential 
decrease in PBN resulting from the improved light envi-
ronment was more than counteracted by the PBN-inducing 
effect of increased shoot vigour. We believe, like MoRRISON 
and loDI (1990), that shading is not a major cause of PBN: 
any association between shading and PBN incidence is an 
indirect consequence of the poor li ght environment within 
the canopies of vigoraus vines. 
Under natural conditions, nodes proximal to node 6 have 
a higher incidence of PBN than distal nodes . Low fertility 
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o f  b a s a l  n o d e s  i s  c o m m o n  i n  m a n y  c u l t i v a r s  i n  v i g o r a u s  
s i t u a t i o n s .  A l s o ,  t h e r e  a r e  m a n y  r e p o r t s  i n  t h e  I i t e r a t u r e  
w h e r e  t h e  r e d u c e d  n o d e  f e r t i l i t y  w h i c h  i s  a  c o n s e q u e n c e  
o f  v i g o u r - i n d u c i n g  t r e a t m e n t s ,  e g .  i r r i g a t i o n ,  h a s  b e e n  a t -
t r i b u t e d  t o  i n c r e a s e d  c a n o p y  d e n s i t y  a n d  d e c r e a s e d  l i g h t  
i n t e r c e p t i o n  b y  b a s a l  n o d e s .  S i n c e  t h e r e  m a y  n o t  h a v e  b e e n  
a n y  detri~ental e f f e c t s  o n  b u d b u r s t  ( s h o o t s  p e r  n o d e )  i n  
t h e s e  c a s e s ,  t h o s e  a u t h o r s  h a v e  a s s u m e d  t h a t  t h e  d e c r e a s e d  
n o d e  f e r t i l i t y  i s  s o l e l y  a  c o n s e q u e n c e  o f  r e d u c e d  ( p r i m a r y )  
b u d  f r u i t f u l n e s s  ( e x p r e s s e d  a s  a  d e c r e a s e  i n  b u n c h e s  p e r  
s h o o t ) .  H o w e v e r ,  w e  p r o p o s e  t h a t  t h e r e  i s a n o t h e r  p o s s i b l e  
c a u s e  o f  t h e  r e d u c t i o n  i n  b u n c h e s  p e r  s h o o t  a s s o c i a t e d  w i t h  
h i g h  v i g o u r ,  n a m e l y ,  a n  i n c r e a s e d  i n c i d e n c e  o f  P B N  w h i c h  
r e s u l t s  i n  a  c h a n g e  i n  t h e  r a t i o  o f  s e c o n d a r y  t o  p r i m a r y  
s h o o t s ,  p a r t i c u l a r l y  a t  b a s a l  n o d e s  w h e r e  t h e  e f f e c t s  o f  v i g -
o u r - i n d u c e d  P B N  a p p e a r  t o  b e  m o s t  r e a d i l y  e x p r e s s e d :  
a v e r a g e  s h o o t  f r u i t f u l n e s s  ( b u n c h e s  p e r  s h o o t )  i s  d e c r e a s e d  
b y  t h e  r e p l a c e m e n t  o f  t h e  r e l a t i v e l y  f r u i t f u l  p r i m a r y  s h o o t s  
b y  l e s s  f r u i t f u l  s e c o n d a r y  s h o o t s .  U n l e s s  s h o o t s  a r e  i d e n t i -
f i e d  a f t e r  b u d b u r s t  a s  p r i m a r y  o r  s e c o n d a r y  b y  t h e i r  
p h y l l o t a x y ,  t h i s  p h e n o m e n o n  w i l l  g o  u n d e t e c t e d .  O n e  o f  
t h e  f e w  r e p o r t s  o f  a  v i g o u r - i n d u c e d  e f f e c t  o n  f e r t i l i t y  a t -
t r i b u t e d  t o  a n  i n c r e a s e  i n  t h e  r a t i o  o f  s e c o n d a r y  t o  p r i m a r y  
s h o o t s ,  i s  t h a t  o f  C A R B O N N E A U  a n d  C A S T E R A N  ( 1 9 7 9 ) :  t h e y  
d i d  n o t  p r o p o s e  a n y  e x p l a n a t i o n  f o r  t h i s  p h e n o m e n o n .  
W e  r e c o m m e n d  t h a t  t h e  s e c o n d a r y  t o  p r i m a r y  s h o o t  
r a t i o  b e  d e t e r m i n e d  a l o n g  w i t h  t h e  u s u a l  m e a s u r e m e n t s  o f  
y i e l d  c o m p o n e n t s  i n  s i t u a t i o n s  w h e r e  a n  i n c r e a s e  i n  v i g -
o u r  i s  a s s o c i a t e d  w i t h  a  d e c r e a s e  i n  y i e l d  t o  i n d i c a t e  t h e  
p o s s i b l e  e f f e c t  o f  P B N .  
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e n t  p a r t s  o f  v i n e  o n  f r u i t  b u d  F o r m a t i o n  a n d  b u d  k i l l i n g  i n  T h o m p s o n  
S e e d l e s s  g r a p e  ( V i t i s  v i n i fe r a  L . ) .  H a r y a n a  A g r i c u l t .  U n i v .  J .  R e s .  1 0 ,  
5 6 9 - 5 7 0 .  
L A V E E ,  S . ;  M E L AM U D ,  H . ;  Z r v ,  M . ;  B E R N S TEIN ,  Z . ;  1 9 8 1 :  N e c r o s i s  i n  g r a p e -
v i n e  b u d s  ( \ l i t i s  v i n i fe r a  c v .  Q u e e n  o f  t h e  V i n e y a r d ) .  I .  R e l a t i o n  t o  
v i g o u r .  V i t i s  2 0 ,  8 - 1 4 .  
M O R R I S O N ,  J .  L . ;  I o o r ,  M . ;  1 9 9 0 :  T h e  d e v e l o p m e n t  o f p r i m a r y  b u d  n e c r o s i s  
i n  T h o m p s o n  S e e d l e s s  a n d  F l a m e  S e e d l e s s  g r a p e v i n e s .  V i t i s  2 9 ,  1 3 3 -
1 4 4 .  
N A r T o ,  R . ;  Y A M A M U R A,  H . ;  Y o s H J NO,  K . ;  1 9 8 6 :  E f f e c t s  o f  s h o o t  v i g o u r  a n d  
f o l i a r  a p p l i c a t i o n  o f  G A  a n d  S A D H  o n  t h e  o c c u r r e n c e  o f b u d  n e c r o s i s  
i n  ' K y o h o '  g r a p e .  J .  J a p .  S o c .  H o r t .  S e i .  5 5 ,  1 3 0 - 1 3 7 .  
P ER E Z - H AR V E Y ,  J . ;  1 9 9 1 :  T h e  i n f l u e n c e  o f  N  f e r t i l i z a t i o n  o n  b u d  n e c r o s i s  
a n d  b u d  f r u i t f u l n e s s  o f  g r a p e s .  P r o c .  l n t .  S y m p .  o n  N i t r o g e n  i n  G r a p e s  
a n d  W i n e ,  S e a t t l e ,  W a s h i n g t o n ,  U S A ,  1 8 - 1 9  J u n e ,  1 1 0 - 1 1 5 .  
P ER E Z ,  J . ;  K L I E W E R ,  W .  M . ;  19 9 0 :  E f f e c t  o f  s h a d i n g  o n  b u d  n e c r o s i s  a n d  b u d  
f r u i t f u l n e s s  o f T h o m p s o n  S e e d l e s s  g r a p e v i n e s .  A m e r .  J .  E n o l .  V i t i c u l t .  
4 1 ,  1 6 8 - 1 7 5 .  
P o o L ,  R .  M . ;  P R A T T ,  C . ;  H u B B A R D ,  H .  D . ;  1 9 7 8 :  S t r u c t u r e  o f  b a s e  b u d s  i n  
r e l a t i o n  t o  y i e l d  o f  g r a p e s .  A m e r .  J .  E n o l .  V i t i c u l t .  2 9 ,  3 6 - 4 1 .  
W o L F ,  T .  K . ;  C o o K ,  M .  K . ;  1 9 9 2 :  S h o o t  g r o w t h  a n d  s h a d e  a f f e c t  b u d  n e c r o s i s  
i n  V i r g i n i a .  A m e r .  J .  E n o l .  V i t i c u l t .  4 3 ,  3 9 4 .  
Z IV ,  M . ;  M E L A M U D,  H . ;  B ERN S T E I N ,  Z . ;  L A V E E ,  S . ;  1 9 8 1 :  N e c r o s i s  i n  g r a p e -
v i n e  b u d s  ( V i t i s  v i n i f e r a  c v .  Q u e e n  o f  t h e  V i n e y a r d ) .  I I .  E f f e c t  o f  
g i b b e r e l l i c  a c i d  ( G A 3 )  a p p l i c a t i o n .  V i t i s  2 0 ,  1 0 5 - 1 1 4 .  
R e c e i v e d  M a r c h  1 4 ,  1 9 9 4  
